Pseudomonas sp. strain Kim has previously been reported to be the only known naturally occurring organism lacking spermidine. We now show that it synthesizes this polyamine. The apparent lack of intracellular levels of spermidine results from an efficient conversion of spermidine to putrescine and hydroxyputrescine.
Pseudomonas sp. strain Kim has been shown to contain putrescine and S-(+)-2-hydroxyputrescine as its only polyamines (2-4, 7) and has been considered to be the only known naturally occurring life form to lack spermidine. We now show that this organism does synthesize spermidine and that the reconversion of spermidine to putrescine and hydroxyputrescine appears to prevent its accumulation in the cells to detectable levels.
Pseudomonas sp. strain Kim cells were grown at 30'C in minimal salts medium (1) containing 0.5% glucose. Cells were collected by centrifugation for preparation of cell extracts in a French pressure cell at 10,000 lb/in2 or for extraction of polyamines with 5% trichloracetic acid. The extracted polyamines were dansylated by the procedure of Seiler and Knodgen (9) and were then resolved by highpressure liquid chromatography in a Whatman Partisil 10 PAC column (chart speed, 1 cm/min). The elution mixture (30% ethanol, 70% hexane) was passed through the column at 1 ml/min, and the optical density of the eluate was read at 254 nm (Fig. 1) . We quantitated the resolved polyamines by measuring the areas of recorded peaks. To measure extracellular polyamines, the supernatant growth medium was concentrated by flash evaporation at 35°C to 1.5 ml, and 0.5 ml was removed for dansylation. Analysis of polyamines added to bacterial extracts showed that their elution patterns and recovery were unaffected by the presence of the biological materials in the extracts. Verification of the presence of the polyamines in the acid extracts and supernatants of the cells was obtained by paper electrophoresis (4, 7) . The presence of excreted acetylspermidine was verified by recovery of spermidine after acid hydrolysis.
[ amine transferase, the enzymes required for synthesis of spermidine from putrescine, but raised the question of why the organism lacked detectable levels of spermidine.
That Pseudomonas sp. strain Kim can convert spermidine to putrescine and hydroxyputrescine was shown by adding ['4C]spermidine at 12.5 ILM to growing log-phase cells for 6 h with and without added MGBG at 100 FiM. Radioactive putrescine and hydroxyputrescine were recovered from the intact cells, and the specific activity of the recovered putrescine and hydroxyputrescine increased five-and sevenfold, respectively, in the cells exposed to MGBG. The experiment therefore indicated that the cells contained N-1-spermidine acetyltransferase and polyamine oxidase, the enzymes needed to convert spermidine to putrescine; and that the increased specific activity of the putrescines in the presence of MGBG resulted from inhibition of de novo synthesis of nonradioactive spermidine.
These possibilities were further tested by measuring the effect of inhibitors of polyamine oxidase on the flow of radioactivity from an intracellular pool of [14C]spermidine supplied exogenously. The allocation of radioactivity from this pool would be affected by de novo synthesis of nonradioactive putrescine, synthesis of spermidine from the putrescine pool, and resynthesis of putrescine from the spermidine pool. Interruption of the normal distribution of radioactivity by an inhibitor of conversion of spermidine to putrescine, such as MDL 72527, should result in a decreased specific activity of the putrescine pool by increasing the relative contribution from de novo synthesis of nonradioactive putrescine. In addition, since MDL 72527 inhibits oxidation of N-1-acetylspermidine, but not the acetylation reaction itself (5) peak II, N-1-acetylspermidine; peak III, spermidine; peak IV, 2-hydroxyputrescine; peak V, 7-hydroxyspermidine.
The 60% reduction in radioactivity of the putrescine and hydroxyputrescine in the presence of MDL 72527 indicates that conversion of spermidine to putrescine may be a substantial pathway in this organism. Since the levels of both putrescine and hydroxyputrescine found were unaffected by the presence of the inhibitor, de novo synthesis of nonradioactive putrescine and spermidine may have occurred under homeostatic control to maintain these levels. The low specific activity of the excreted acetylspermidine (5,100 cpm)
suggests that a substantial portion of the added ["4C]spermi- The experiments therefore establish the ability of Pseudomonas sp. strain Kim to synthesize spermidine from putrescine and suggest that the previously reported apparent lack of spermidine in these cells results from an efficient conversion of spermidine to putrescine and hydroxyputrescine.
Whether hydroxyputrescine is derived from spermidine directly or after its conversion to putrescine cannot be deduced from our data because of the complexity of the interconversions of the polyamine pools.
The maintenance by Pseudomonas sp. strain Kim of low intracellular levels of spermidine by conversion to putrescine and hydroxyputrescine may be the outcome of an adaptation to the sensitivity of its protein synthesis to levels of spermidine which are stimulatory in Escherichia coli (6).
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